Background Unicompartmental knee arthroplasty restores function and improves pain in appropriately selected patients. Scant evidence exists regarding the treatment of periprosthetic joint infection (PJI) after unicompartmental knee arthroplasty (UKA). Questions/purposes (1) What was the overall survivorship free from reinfection? (2) What is the survivorship free of all-cause revision? (3) What are the Knee Society scores (KSS) and complications after surgical treatment of UKA PJI? Methods This retrospective study with data drawn from a longitudinally maintained institutional registry identified 15 UKA PJIs between 1992 and 2014. The median age at PJI diagnosis was 58 years (range, 41-82 years), nine of 15 were men, and the median body mass index was 29 kg/m 2 (range, 23-36 kg/m 2 ). Ten patients (10 of 15) satisfied major Musculoskeletal Infection Society diagnostic criteria. There were five patients (five of 15) with early postoperative infections, five (five of 15) with acute hematogenous infections, and five (five of 15) with chronic PJIs. Two-stage exchange was performed in four patients with PJIs (four of 15), and débridement, antibiotics, and implant retention (DAIR) was performed in 11 patients (11 of 15) with PJIs. We performed Kaplan-Meier survivorship analysis for reinfection and revision procedures. Thirteen patients had a minimum of 2 years' followup and were included in the clinical analysis. Median followup was 4 years (range, 2-6 years). We calculated KSS. Results Infection-free survivorship was 71% at 5 years (95% confidence interval [CI], 46%-96%). Treatment success was higher for patients undergoing two-stage exchange (100% at 5 years; 95% CI, 100%-100%) versus DAIR (61% at 5 years; 95% CI, 31%-92%). Four of 11 patients undergoing DAIR had developed a reinfection at final followup. Survivorship free of any revision was 49% at 5 years (95% CI, 19%-79%). One patient from the twostage exchange cohort underwent femoral component revision for aseptic loosening 5 years after PJI treatment, and two patients from the DAIR group were converted to TKA for disease progression at a mean of 4 years. In patients with a minimum of 2 years' followup, median KSS improved from 73 (range, 50-93) before index UKA to 94 (range, 55-100; p = 0.016). Conclusions Treatment of UKA PJI with DAIR was associated with a lower infection-free survivorship at 5 years compared with two-stage exchange with conversion to TKA. Among those patients who were infection-free, a number
Introduction
Between 1998 and 2005, the number of unicompartmental knee arthroplasties (UKAs) performed in the United States increased almost eightfold [15] . In the appropriately selected patient, UKA may provide pain relief and restoration of function; however, the mid-to long-term implant survivorship reported in registries is inferior to that of TKA [2, 13, 14] . Reported causes of failure include adjacent compartment arthritis, component loosening, periprosthetic fracture, and infection [5] [6] [7] .
Periprosthetic joint infections (PJIs) after UKA are rare, and there are limited data evaluating treatment results. Labruyère et al. [10] found that one-stage conversion to TKA in nine chronic PJIs was successful at a mean 60 months and five of these patients had failed prior débridement, antibiotics, and implant retention (DAIR). Singer et al. [18] evaluated 64 infected knee replacements (six were UKAs) and found that after one-stage revision, the six UKAs were infection-free at 3 years. To the authors' knowledge, there have been no studies evaluating the results of two-stage exchange arthroplasty in UKA PJI. Because of the paucity of studies focusing on UKA PJI [10, 18] and the gaps in knowledge despite those studies, we do not know whether treatment of PJI after UKA should mirror that of TKA, where two-stage exchange is typically recommended for established infection, or whether less aggressive approaches such as DAIR might be used. In addition, the presence of native cartilage raises additional questions about the ideal treatment of UKA PJI. Bacterial destruction of native cartilage and subsequent progressive arthritis is a potential source of unique failure after attempts at DAIR in UKA as compared with TKA.
Specifically, we asked the following questions: (1) What was the overall survivorship free from reinfection? (2) What was the survivorship free of all-cause revision? (3) What were the Knee Society scores (KSS) and complications after surgical treatment of UKA PJI?
Patients and Methods
We identified all patients treated surgically for PJI after UKA between 1992 and 2014 from our longitudinally maintained institutional total joint registry in this retrospective study. Institutional review board approval was attained before study initiation. Between January 1992 and December 2014, we performed 1440 UKAs, which represented 5.75% of our knee arthroplasty practice. We performed UKA when a patient presented with isolated unicompartmental arthritis. Of those who were treated with this approach, nine patients (1%) had died before 2 years' followup, and 142 (10%) had less than 2 years' followup, whereas 1262 patients (1288 knees [88%]) were available for followup at a minimum of 2 years (median, 5.1 years; range, 2-16.5 years). Of this group, we identified 11 patients with PJI diagnosed at a median of 0.04 year (range, 0-2 years) after the index procedure. In addition, we identified four patients with PJI diagnosed at a median of 2 years, who were referred for definitive management and had the opportunity for 2-year followup. This left 15 patients with the opportunity for 2-year followup who were included in the study.
We included patients with UKAs who met the diagnostic criteria for PJI outlined by the Musculoskeletal Infection Society (MSIS) [12] who were treated at our institution during the study period. Fifteen patients (15 knees) met the inclusion criteria.
All PJI treatment was performed at a single institution by surgeons with experience in complex knee arthroplasty. Two-stage exchange was performed by removing all components, completing femoral and tibial cuts for subsequent TKA, and placing a high-dose, nonarticulating antibiotic spacer. In general, patients with PJI for longer periods of time (generally close to 4 weeks or longer) or with more severe host and extremity status were treated with two-stage exchange, whereas patients with PJI for shorter periods of time (generally < 4 weeks) were treated with DAIR.
All patients were assessed by an orthopaedic infectious disease specialist pre-and postoperatively to help tailor organism-specific parenteral antibiotics. The duration of antibiotic therapy after spacer insertion was 6 weeks for all patients. For patients undergoing a two-stage exchange protocol, reimplantation was considered once the patient had completed the course of parenteral antibiotics and there were no ongoing concerns for PJI. Specifically, patients had normalization of their erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP). The median time from antibiotic cessation to reimplantation was 3 weeks (range, 2-5 weeks). The median ESR was 25 mm/hr (range, 19-35 mm/hr) and the median CRP level was 6 mg/ L (range, 1-14 mg/L) immediately before reimplantation. Seven (seven of 15) patients were placed on long-term antibiotic suppression after their treatment for infection.
Patient followup included clinical visits at 3 months, 1 year, 2 years, 5 years, and every 5 years thereafter. Clinical outcomes were calculated using the KSS for patients with at least 2 years' followup [7] .
All 15 patients were included in the survivorship analysis. One patient died, and one patient was lost to followup before 2 years. Although all 15 patients were included in Volume 477, Number 1
Infected Unicompartmental Knee Arthroplasty 71 survivorship analysis and perioperative complication reporting, 13 had at least 2 years of clinical followup and were included in clinical analysis. We reported survivorship free of reoperation for infection when initial treatment was DAIR, survivorship free of reoperation for infection when initial treatment was two-stage exchange, survivorship free or reoperation for infection for both treatment groups, and survivorship free of revision for any reason. We report KSS for patients before index UKA and at latest followup after all infection-related operations but before any aseptic revisions. Median followup of these 13 patients was 4 years (range, 2-6 years).
Statistical Analysis
The data were summarized using medians and ranges for all variables. The differences between preoperative and postoperative KSS were compared using Wilcoxon signedrank test. We used a Kaplan-Meier [8] survivorship analysis to calculate survivorship free of reinfection, revision, or reoperation with 95% confidence intervals (CIs) reported. We analyzed clinical outcomes with JMP software, Version 10.0 (SAS, Cary, NC, USA); a significance value was set at a < 0.05. Median age at the time of PJI diagnosis was 58 years (range, 41-82 years), nine patients were men (nine of 15), and median body mass index was 29 kg/m 2 (range, 23-36 kg/m 2 ). Patient history, physical examination, serology markers, synovial fluid analysis, and microbiologic studies were used to diagnose and classify patients according to the MSIS and McPherson staging systems, respectively [11, 12] . There were five (five of 15) early postoperative infections (< 4 weeks postoperatively), five (five of 15) acute hematogenous infections (< 4 weeks of symptom duration), and five (five of 15) chronic infections (> 4 weeks of symptom duration; Table 1 ). All acute hematogenous infections were late (> 4 weeks postoperatively). Ten (10 of 15) patients met major MSIS diagnostic criteria, one (one of 15) met four of six minor, and four (four of 15) patients met three of six minor MSIS diagnostic criteria ( Table 2 ). The most common organisms were methicillinsensitive Staphylococcus aureus in seven patients (seven of 15) and coagulase-negative Staphylococcus sp in five patients (five of 15; Table 3 ). Five (five of 15) were classified at type A hosts and 10 (10 of 15) were type B hosts. All patients' local extremity grades were classified as compromised (type 2; Table 4 ).
Eleven (11 of 15) patients were initially treated with DAIR. Of these 11 knees, eight (eight of 15) had polyethylene exchange. The remaining four (four of 15) patients were initially treated with two-stage exchange arthroplasty (Table 4) .
Results
The survivorship free of reinfection after UKA PJI treatment was 71% at 5 years (95% CI, 46%-96%; Fig. 1 ). The survivorship free of reinfection when DAIR was the initial treatment was 61% at 5 years (95% CI, 31%-92%; Fig. 2 ). The survivorship free of reinfection after UKA PJI when initial treatment was two-stage exchange was 100% at 5 years (95% CI, 100%-100%; Fig. 3 ). Four of 11 patients undergoing DAIR developed a reinfection at final followup. One patient had repeat DAIR, and the infection was controlled. Three patients who did not respond to DAIR underwent two-stage exchange arthroplasty. At the time of reimplantation, two received posterior-stabilized TKAs and one received a constrained TKA with stems on both the femur and the tibia and augments on the femur. Two of three of these two-stage exchange arthroplasties became reinfected; one was treated with repeat two-stage exchange and the other had repeat DAIR. In the posterior-stabilized TKA that underwent repeat two-stage exchange at the time of initial reimplantation, a constrained TKA with stems and sleeves on both the femur and tibia were used during the subsequent reimplantation (Fig. 4) . The survivorship free of revision for any reason after initial infection treatment was 49% at 5 years (95% CI, 19%-79%; Fig. 5 ). One patient developed aseptic femoral loosening at 5 years after a two-stage exchange for infection. This knee was revised to a constrained TKA with stems and augments on both the femur and tibia and a trabecular metal cone on the femoral side. Five years after this revision, there was stem-junction failure causing metallosis. This patient then underwent revision to a constrained TKA with stems on the femur and tibia, a cone on the femur, and patellar bone grafting. There were no other reoperations in the two-stage exchange cohort.
Two knees in the DAIR group underwent conversion to TKA for arthritis progression at a mean of 4 years. Both patients were converted to posterior-stabilized TKAs. Neither received augments or bone grafting.
Median KSS improved from 73 (range, 50-93) before index UKA to 94 (range, 55-100; p = 0.016) after definitive PJI treatment and before any aseptic revision. Excluding reinfection and revision, one of the 13 patients had a complication, which was a deep vein thrombosis.
Discussion
UKAs have grown in popularity in the United States [15] . There is a paucity of data reporting the surgical management of PJI after UKA; specifically, no studies have evaluated two-stage exchange for PJI in UKA [10, 18] . This study reports the results of surgical treatment of UKA PJI with either DAIR or two-stage exchange. Reoperations for reinfection and all-cause revisions were high with survivorship free from reinfection and revision of 71% and 49% at 5 years, respectively. A two-stage exchange protocol resulted in higher infection eradication for PJI after UKA compared with DAIR.
There are several limitations to this study. This is a retrospective study that lacks a control group. Patients may have had recurrence of infection that went undetected in our study because they were treated at an outside hospital. In general, patients who had a longer duration of PJI or had more severe host and extremity status received two-stage exchange and those who had a shorter duration of PJI received DAIR, but this was not completely standardized, which limits the validity of the study. In addition, the results are from a single institution, making the results most applicable to academic surgeons with greater experience with reoperation and revision of UKAs. The small study cohort and limited followup reduce the ability to confidently identify patient and microbial variables that affect treatment success and failures. Because of the small sample, we felt the need to remove any analysis of risk factors; specifically, there was sparse data bias. One or two more or fewer patients in any group would change the result, and the CIs were too wide to be useful. We evaluated reinfection using Kaplan-Meier survivorship curves; whereas we felt these were an appropriate way to estimate reinfection, the wide CIs do to some extent limit the estimate. In addition, the study was over 20 years during which time the diagnosis and treatment of PJI have changed substantially. The use and indication for UKAs had changed over time [15] . Because of these changes, there may have been patients with UKA PJI that went undiagnosed causing us to underreport UKA PJI at our institution.
In this series, we report a survivorship free of PJI of 61% in patients treated initially with DAIR. These results are Fig. 1 The Kaplan-Meier curve representing survivorship free of reinfection after UKA PJI treatment was 71% at 5 years (95% CI, 46%-96%). Fig. 2 The Kaplan-Meier curve representing survivorship free of reinfection after UKA PJI when initial treatment was DAIR was 61% at 5 years (95% CI, 31%-92%). Fig. 3 The Kaplan-Meier curve representing survivorship free of reinfection after UKA PJI when initial treatment was twostage exchange was 100% at 5 years (95% CI, 100%-100%).
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Infected Unicompartmental Knee Arthroplastysimilar to those obtained with DAIR for infected TKA. Previous authors have reported a failure risk between 26% and 48% after TKA [3, 4, 9] , which is comparable to our failure risk of 39%. This study is unique in that it reports data on DAIR for PJI in UKA. There are few studies presenting results on DAIR for PJI in UKA [10] . The authors recommend that DAIR only be considered in patients with early postoperative (< 4 weeks) or acute hematogenous infections (< 4 weeks of symptoms). In addition, if the decision is made to go ahead with DAIR, the surgeon should perform aggressive débridement, exchange of modular implants, and synovectomy in the same fashion as with TKA infection to improve procedure success. We found that DAIR was associated with inferior infection-free survivorship compared with two-stage exchange. Labruyère et al. [10] also reported on inferior results with DAIR with five patients failing DAIR for PJI in UKA. To the authors' knowledge, this is the first series to report on two-stage exchange for PJI in UKA. In our series, at the time of resection, the UKA components and cartilage are removed by making bone cuts. The importance of removing all cartilage at the time of the resection cannot be overemphasized. The results obtained with a two-stage exchange in this patient group were outstanding if performed as initial treatment but were less successful if the patient did not respond to DAIR. This has also been reported for infected TKA by Sherrell et al. [16] , who reported a failure risk of 34% for two-stage exchange after DAIR.
We regard the clinical outcomes after treatment of PJI in UKA in our series to be acceptable, although not ideal. Patients had clinical improvement after DAIR or two-stage exchange. At final followup, KSS improved and the results are similar to what has been reported in other studies on conversion of UKA to TKA [1, 17, 19] .
In conclusion, treatment for UKA PJI was associated with a high risk of reoperation as a result of reinfection, implant loosening, and disease progression at 5 years. Treatment of UKA PJI with DAIR was associated with a lower survivorship free of reinfection at 5 years compared with two-stage exchange with conversion to TKA. Among those patients who were infection-free, a number underwent subsequent reoperations for either progression of disease (in the DAIR group) or component loosening (in both groups). UKA PJI results in substantial morbidity and patients should be followed closely for aseptic causes of failure in addition to infection recurrence.
